INTRODUCTION

NARCOLEPSY IS A CHRONIC DEBILITATING SLEEP DISORDER CHARACTERIZED BY EXCESSIVE DAY-TIME SLEEPINESS (EDS), CATAPLEXY, AND RAPID EYE movement (REM) sleep related phenomena, such as sleep-related hallucinations (SRH) and sleep paralysis (SP).
1 Narcolepsy has pernicious effects on school performance and family and social activities, and also leads to an increase of accidents and divorce. 2, 3 Recent research suggested that narcolepsy exerted an even greater negative socioeconomic impact on patients than similar chronic medical disorders such as epilepsy. 4 
Family Studies on Narcolepsy
The tendency for narcolepsy to run in families has long been recognized. 5 The familial risk of first-degree relatives was 0.43%-14.04% for narcolepsy, which was 10-280 times higher than the prevalence in the general population [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] (Table 1) . Family studies of narcolepsy also reported an increased prevalence of EDS and idiopathic hypersomnia, which suggested that a spectrum of phenotypes existed across narcolepsy with cataplexy, narcolepsy without cataplexy, and idiopathic hypersomnia. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] However, the majority of these family studies were based on the sole information provided by narcoleptic probands or questionnaires from their relatives. Furthermore, the diagnoses in most cases were not confirmed by objective measurements such as polysomnogram (PSG) or multiple sleep latency test (MSLT) ( Table 1) . [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] 
Studies on Narcolepsy in Chinese
The study of narcolepsy in Chinese was even more limited. [16] [17] [18] [19] [20] In 1998-2000, we conducted a cross-sectional study with a 2-phase design, estimating the prevalence rate of narcolepsy in the general population in Hong Kong Chinese. 20 We interviewed 9851 subjects, and the prevalence rate of narcolepsy was found to be 0.034% (95% CI: 0.010%-0.117%). 20 The aim of this study was to explore the familial pattern and HLA susceptibility of narcolepsy in Hong Kong Chinese.
NARCOLEPSY Study Objectives:
To explore the familial aggregation and HLA susceptibility of narcolepsy in Hong Kong Chinese by objective sleep measurements and HLA typing. Design: Case control design Participants: Twelve narcoleptic probands, 34 first-degree relatives, and 30 healthy controls. Interventions: N/A Measurements and Results: Each subject underwent a standardized nocturnal polysomnogram (PSG), followed by a daytime multiple sleep latency test (MSLT) . HLA typing was performed for all subjects. One relative (2.9%) was diagnosed as suffering from narcolepsy with cataplexy. Nearly 30% of the relatives fulfilled the criteria of narcolepsy spectrum disorder (shortened mean sleep latency [MSL] and/or the presence of sleep onset REM periods [SOREMPs] ). When using the population data for comparison, the relative risk of narcolepsy in first-degree relatives was 85.3. The odds ratio of narcolepsy spectrum disorder in first-degree relatives was 5.8 (95% CI: 1.2 -29.3) when compared to healthy controls. There existed 6 multiplex families, in which all 10 relatives with narcolepsy spectrum disorders, including all 3 relatives with multiple SOREMPs, were positive for HLA DQB1*0602.
Conclusions:
Our study demonstrated a definitive familial aggregation of narcolepsy, narcolepsy spectrum disorders, and possibly cataplexy in Hong Kong Chinese. This familial aggregation supported an inherited basis for narcolepsy spectrum. The tight co-segregation of HLA DQB1*0602 and narcolepsy spectrum disorders might suggest that HLA typing, especially DQB1*0602, at least partly confer the familial risk of narcolepsy. In addition, our study suggested that the subjective questionnaire measurements including Ullanlinna Narcolepsy Scale and Epworth Sleepiness Scale were unable to detect the presence of narcolepsy spectrum disorders among the relatives. A stringent objective measurement-based design for family studies is suggested for future study. 
METHODS
Twelve narcolepsy probands were chosen from our sleep clinic and were invited for this family study. Seven of them (58.3%) were diagnosed as having narcolepsy with cataplexy by the following criteria according to ICSD-2 21 : (1) EDS for more than 3 months; and (2) a definite history of cataplexy; and/ or (3) a mean sleep latency (MSL) of ≤ 8 min with ≥2 sleep onset REM periods (SOREMP) in 5 naps during MSLT; and (4) hypersomnia is not better explained by other sleep disorders, medical, mental, medication, or substance use disorders. Five probands (41.7%) who fulfilled the above criteria except for the presence of definite cataplexy were diagnosed as having narcolepsy without cataplexy. There were 9 males and 3 females. The mean duration of illness for these 12 narcoleptic probands was 11.5 years. Thirty-four first-degree relatives of the narcoleptic probands who were available and consented to the study were recruited, including 69% (11/16) parents, 40% (10/25) siblings and 93% (13/14) offspring. Eight relatives were not recruited because they were not living in Hong Kong, and 13 refused because of scheduling issues. In addition, 8 relatives had died before the study. Thus, the response rate of the relatives who were available in Hong Kong for the study was 72.3% (34/47). The detailed pedigrees of these 12 families were shown in Figure 1 . Thirty unrelated healthy controls were chosen from the 113 controls from 2 previous studies, which were carried out in our sleep center. 20, 22 Thirteen of them were selected from the narcolepsy prevalence study (based on the general popula- Family Study of Narcolepsy in Hong Kong Chinese-Chen et al tion), and the rest of them were recruited from the habitual sleep study (sampling frame with 13 primary schools; the parents of the school children were invited for the habitual sleep study). Subjects with EDS and other symptoms of narcolepsy, sleep disorders, circadian, medical, mental, medication, or substance use disorders were carefully excluded. All probands, relatives, and controls underwent a standardized overnight nocturnal PSG followed by MSLT on the following day. In addition, each subject underwent a detailed clinical interview and completed a set of sleep questionnaires including Chinese version of Ullanlinna Narcolepsy Scale (CUNS), 23 Epworth Sleepiness Scale (ESS), 24 and questionnaires about the self-reported sleep habits and problems. 20 We used the ICSD-2 criteria for diagnosing the presence of narcolepsy with cataplexy and narcolepsy without cataplexy in relatives and controls. Based on previous studies and our clinical experiences, there seemed to be the presence of broad narcoleptic phenotypes among family members of narcolepsy.
6-15 Thus, we used the following additional criteria for diagnosing narcolepsy spectrum disorder: (1) those subjects with a mean sleep latency of >8 min and ≥2 SOREMPs, (2) those with a MSL of ≤8 min and 1 SOREMP, or (3) those with a MSL of ≤8 min without SOREMPs; in these cases, hypersomnia was not better explained by other sleep disorders, circadian, medical, mental, medication, or substance use disorders.
The ethical approval for this study was obtained from the university ethics committee. All subjects gave written informed consents.
Sleep Assessments
The PSG and daytime MSLT were performed with a CNS SL1000p polygraph (CNS, Chanhassen, MN). The PSG included the measurement of central (C3-A2, C4-A1) and occipital (O2-A1) electroencephalogram (EEG), bilateral electrooculogram (EOG), electromyogram (EMG) of mentalis and bilateral anterior tibialis muscles, electrocardiogram (ECG), and respiratory airflow. The MSLT containing 5 nap tests was performed according to the standard recommendation to determine the sleep latency and SOREMPs. 25 Sleep stages of both PSG and MSLT were scored in 30-second epochs following the Rechtschaffen and Kales criteria. 26 The sleep latency was defined as the elapsed time from lights-out to the first epoch scored as sleep. The REM sleep latency was defined as the time from the beginning of sleep onset 
HLA Genotyping
Blood samples were drawn from all subjects. Sequencing Based Typing (SBT) of HLA DRB and DQB were performed according to the protocols established by the International Histocompatibility Working Group (IHWG). Sequencing data was analyzed using the SBTengine software (Genome Diagnostics, Netherlands).
Statistical Analysis
Comparisons of probands, their relatives, and healthy controls on age, BMI, and other continuous sleep parameters were made through one-way analyses of variance (ANOVA) with Bonferroni post hoc comparisons. Binary variables were analyzed using chi-square test and Fisher's exact test for pairwise comparisons. Relative risk (RR) was defined as the ratio of disease prevalence in first-degree relatives to that in the general population. Odds ratios (OR) were calculated with 95% confidence intervals. All statistical tests were computed using SPSS 13.0 for windows (SPSS Inc, Chicago, IL).
RESULTS
Subjects
Twelve narcoleptic probands (M/F ratio: 9/3), 34 relatives (M/ F ratio: 20/14) and 30 healthy controls (M/F ratio: 14/16) were recruited. The 3 groups were not significantly different in sex ratio.
Sleep Characteristics
The detailed clinical characteristics of the probands were summarized in Table 2 . All probands had at least one SOREMP and the mean MSL was 2.9 min. Ten of 12 probands (83.3%) had a MSL <5 min with ≥2 SOREMPs.
The time in bed, total sleep time, sleep efficiency, AHI (apnea-hypopnea index), sleep latency, and percentage of REM sleep were comparable among probands, relatives, and controls ( Table  3 ). The narcoleptic probands had an increase in stage 1 sleep, which suggested disturbed nocturnal sleep. They also had prominently shortened REM latency while maintaining normal amounts of REM sleep, which was consistent with previous reports. 27, 28 As expected, they had a shortened MSL and multiple SOREMPs in MSLT tests, and higher total scores and cataplexy subscores in CUNS, in comparison with relatives and controls. No significant differences were observed on the above parameters between relatives and controls. However, the controls had higher percentage of stage 2 but less slow wave sleep than the relatives. This might be related to the older age of the controls.
Higher prevalence of EDS (shortened MSL), SOREMPs and cataplexy were observed in narcoleptic probands compared with controls (Table 4) . While isolated SOREMP was also seen in the control group, relatives had a higher prevalence of multiple SOREMPs (8.8% vs. 0). Similarly, while shortened MSL was observed in controls, the prevalence of narcolepsy spectrum disorders in relatives was significantly higher than controls (29.4% vs 6.7%; OR 5.8, 95% CI: 1.2-29.3). The prevalence of sleep-related hallucinations or sleep paralysis was not higher in relatives than controls (Table 4) . A lower rate of EDS was observed in offspring of narcoleptic probands (7.7%), compared to the rate in parents (45.5%) and siblings (20%). None of the offspring had SOREMP, while 9.1% of parents and 40% of siblings had at least one SOREMP in MSLT tests. The mean CUNS scores in those relatives who were positive for narcolepsy spectrum disorders were 4.4 ± 2.5 and did not differ from those without narcoleptic spectrum disorders (4.5 ± 2.4). Similarly, the mean ESS scores in these 2 groups were not significantly different from each other (7.0 ± 4.2 for positive group vs 6.2 ± 3.7 for negative group).
One proband with cataplexy had a relative who reported longstanding sleepiness, definite and recurrent cataplexy. This relative had a mean sleep latency of 11 minutes and 3 SOREMPs and was diagnosed as having narcolepsy with cataplexy by criteria of ICSD-2. 21 Another relative of a non-cataplectic proband was considered to have probable cataplexy, as she reported emotioninduced knee unlocking that led to falling onto the ground once in her lifetime. Altogether, the prevalence was 2.9% (n = 1) for cataplectic-narcolepsy and 29.4% (n = 10) for narcolepsy spectrum disorder. Based on the prevalence data of the general population, 20 the relative risk (lambda) of narcolepsy in first-degree relatives was 2.9/0.034 = 85.3.
HLA Genotyping
All narcoleptic probands were DQB1*0602 positive and 75% (9/12) of them were both DRB1*1501 and DQB1*0602 positive. Altogether 61.8% of the first-degree relatives were DQB1* 0602 positive while 44.1% of them were DRB1*1501 positive. There existed 6 multiplex families, in which all 10 first-degree relatives with narcolepsy spectrum disorder were DQB1*0602 positive (Figure 1) . Moreover, all 3 relatives with multiple SOREMPs were DQB1*0602 positive. Although shortened MSL and SOREMP were also seen in the control group, all of them were negative for DQB1*0602.
DISCUSSION
The genetic predisposition for narcolepsy has been studied for several decades. However, the exact risk of this disease among close relatives of narcoleptic probands remained uncertain, which varied greatly from one ethnic group to another. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] The differences may be the result of a lack of uniform criteria of narcolepsy/ narcolepsy spectrum disorder and a standardized methodology in these family studies, especially for those studies without objective sleep and HLA assessments. The study of narcolepsy in Chinese was rather limited, and the family study was conspicuously absent. Our laboratory-based study of narcoleptic probands and their first-degree relatives in comparison with healthy controls provided a reliable preliminary understanding of the familial pattern and HLA susceptibility of Chinese narcoleptic patients.
Heritability of Narcolepsy and Associated Symptoms
The frequency of narcolepsy in first-degree relatives of narcoleptic probands in our study was 2.9%, which was comparable to those found in American and Czech studies. 6, 13 The relative risk (lambda) for narcolepsy in first-degree relatives, compared to the general population, was 85.3 in our study, which was comparable to that of 40-115 in the Czech study, 13 but much higher than that of the German (RR=16.5) study 14 and the Japanese (RR=7) study. 8 Our results suggested that the varying heritability of narcolepsy among different studies might also be explained by methodological discrepancy other than ethnic differences. A stringent objective measurement-based design for family studies is suggested for future family studies and cross-ethnic comparisons. Narcolepsy spectrum disorder was identified by MSLT in the relatives of half of the probands studied. Multiple SOREMPs and narcolepsy spectrum disorders had a much higher frequency in first-degree relatives than in controls, suggesting that multiple SOREMPs, narcolepsy spectrum disorders, and narcolepsy might share a common genetic component. 7, 10, 29, 30 We also observed a slight increase of the prevalence of cataplexy (5.9%, n=2 including the probable one) in relatives than in controls (0% of cataplexy). Definite or probable cataplexy was present among the relatives of probands with and without cataplexy. Further family studies with cataplectic probands are needed to clarify the heritability issue of cataplexy, as this might have a huge impact on the diagnostic concept of narcolepsy. On the contrary, there was no familial tendency of sleep related hallucinations or sleep paralysis in first-degree relatives of narcoleptic probands (odds ratio: sleep related hallucina- These results were consistent with a recent Italian study through telephone interviews with the Sleep-EVAL system. 15 In fact, sleep paralysis seemed to be less common among relatives (which might be related to the older age of controls). As the involvement of environmental risk factors was suggested.
5,31 the familial tendency of narcolepsy may also be explained by the fact that family members may share similar living conditions and environmental exposures. More systematic studies should be carried out to clarify geneticenvironmental influence on narcolepsy susceptibility.
The percentage of EDS as reflected by a shortened MSL (23.5%) among first-degree relatives was much higher than studies carried out in other parts of the world including Japanese (4.47%), 8 Czech (4.28%), 13 German (5.4%), 14 and French studies (3.65%). 11 Our study differed from all these studies by having objective MSL data and the inclusion of a control group. In fact, our study suggested that the subjective measurements of EDS based on self-report even with the use of standardized questionnaires like CUNS and ESS were unable to detect the presence of narcolepsy spectrum disorder among relatives. In other words, these relatives might not complain of EDS despite the fact that they were carrying the objective phenotype of narcolepsy spectrum. According to recent studies by Mignot et al and Meeta Singh et al, multiple SOREMPs and shortened MSL (≤8 mins) were observed in about 4% of the general population, suggesting either a large false-positive result in MSLT or a striking prevalence of narcoleptic spectrum in the general population. 32, 33 Similarly, the presence of shortened MSL was not uncommon among our healthy controls, despite careful screening to rule out concomitant sleep, medical, and mental disorders. The prevalence of narcolepsy spectrum disorders was up to 6.7% among controls. Thus, the estimated odds ratio of having narcolepsy spectrum disorder in first-degree relatives was 5.8 (95% CI: 1.2-29.3) when compared to controls. In other words, narcolepsy spectrum seemed to breed true even if we used a rather stringent comparison control group. The diagnostic concept of narcolepsy has been evolving and there is a timely need for more extensive phenotype studies for better understanding of narcoleptic spectrum.
The much lower rate of EDS and SOREMP in offspring of narcoleptic probands might be related to an age effect. Followup studies would allow the ascertainment of narcoleptic features appearing in the future in these young children. Age effect has also been taken into account when recruiting our healthy controls. Controls with an older age were included to allow the emergence and expression, if any, of potential narcoleptic phenotypes.
HLA Typing and Narcolepsy Transmission
DQB1*0602 was considered to play a major role in conferring narcolepsy susceptibility among HLA alleles across different ethnic groups. 34 Our study showed that all narcolepsy probands were 100% DQB1*0602 positive, and 75% of them were both HLA-DRB1*1501 and DQB1*0602 positive, in concordance with our previous finding 16 and that reported in Japanese studies. 35 The result indicated that DRB1*1501 was less tightly associated with DQB1*0602 in our Chinese population sample. Within the 6 multiplex families, all 10 relatives with narcolepsy spectrum disorder and all 3 relatives with multiple SOREMPs were DQB1*0602 positive, suggesting that HLA typing, especially DQB1*0602, at least partly, confer the familial risk of narcolepsy (Figure 1) . Interestingly, the "narcoleptic spectrum" as seen in the control group were all DQB1*0602 negative. In this regard, the exact reason for the presence of non-DQB1*0602 "narcolepsy spectrum" in the supposed "healthy" general population was unclear. A recent study suggested that people who reported habitual sleep duration might also harbour sleep debt, 36 but further study will be needed to ascertain this interesting phenomenon. In fact, the positive DQB1*0602 (3.3%) frequency in controls were slightly lower than that of the local Hong Kong Chinese general population (7.7-9.2%). [37] [38] The simplest explanation was the limited sample size of controls, but it might also be explained by the "super-healthy" status of controls and suggesting that HLA DQB1*0602 might confer certain risk for daytime sleepiness, shortened MSL, and multiple SOREMPs in the general population. 30, 39 In this sense, narcolepsy could be understood as a spectrum of phenotypes with Significantly different from controls, P <0.05
Family Study of Narcolepsy in Hong Kong Chinese-Chen et al various degrees of severity, ranging from shortened MSL and multiple SOREMPs to fully expressed narcolepsy with cataplexy.
Limitations of the Study
A number of factors have limited the result of the current study to be preliminary and exploratory. These include the small number of families and cases; potential selection bias in the recruitment of probands, relatives, and controls; unequal application of inclusion and exclusion criteria to relatives and controls; lack of full independence among relatives (some relatives came from the same family); and multiple comparisons. In addition, there were no data on CSF hypocretin status. Nonetheless, our study has detailed clinical, polysomnographic examination, and HLA typing, as well as a control group for the clarification of the phenotypic characteristics. In the future, a larger sample is mandatory to replicate the results and to allow the calculation of segregation ratio. A larger sample will also allow more in-depth investigation, including the molecular pathogenic study for multiplex narcoleptic families in order to determine the mode and genetics of narcolepsy transmission.
CONCLUSION
Our study, which was the first family study of narcolepsy in the Chinese population, demonstrated a definitive familial aggregation of narcolepsy, multiple SOREMPs, narcolepsy spectrum, and possibly cataplexy in Hong Kong Chinese.
